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THERMAL EXPANSION OF Fe-BASE AMORPHOUS ALLOYS IN THE TEMPERATURE RANGE 4.2-300 K (THE COEXISTENCE OF FERRO-AND ANTIFERROMAGNETIC COMPONENTS)
V. E. Rod& Among the amorphous alloys obtained uptill now, there is a whole range of alloys presenting Invar properties [I] . However, the nature of their Invar behaviour has not been fully studied yet.
Amorphous samples of Feloo-,B, (15 < x 5 25) have been made by the melt spinning technics. They are in the form of ribbons, typically 25 Dm thick and 7 mm wide. All samples are found to be amorphous by X-ray diffraction. The temperature linear expansion coefficient a was measured in the range 4.2-300 K on the experimental set described in [2] .
The results of a measurements for Fes2.5B17.5 are presented in figure 1. To evaluate the lattice and the magnetic contribution to a! White's method [3] was applied. The behaviour of a and the magnetic contribution is analogous to that in the case of crystalline Invar Fe65Ni36 AS showed in [4] (see also [5] ) the anomaly of Fe-Ni alloys thermal expansion is determined by the coexistence of two components: ferromagnetic (FM) and antiferromagnetic (AFM), and the exchange interaction between them. moment of an iron atom is principally determined by the quantity of nearest neighbour Fe atoms and their distances from the central iron atom. To interpret the behaviour of a of amorphous Fesz.sB17.5, let us consider the following model. Let us suppose our alloy to consist of clusters in everyone of which the average partial (Fe-Fe) coordination number (N) is equal to either 12 (as in 7-Fe) or 8 (as in a-F'e). In accord with Tauer and Weiss hypothesis [8] , let us suppose the yFe type clusters (with N = 12) to be of two kinds: one with AFM order and full magnetic moment equal to zero, the other with FM order. The distances between the nearest neighbour iron atoms in every type of FM and AFM clusters are supposed to be distributed according to a symmetrical law centered in the position of the Fe-Fe radial distribution function 1st peak. of Fes3B17 [9] and the average atomic density po of this alloy [lo] , we calculated the Fe-Fe partial distribution function (DF) given by In amorphous alloys, a wide distribution of the dis47rrzp ( r ) = rG (r) + tances between nearest neighbour Fe atoms is observed. It includes a range of distances characteristic [7, p. 341 (Fig. 2) . The DF 1st peak assymmetry (see for crystalline Fe as well as fcc-and bcc-iron base alloys curve 1) allows us to suppose some clusters with un- (Fig. 2) . As mentioned in [6; 7, p. 74-75]? the magnetic known partial (Fe-Fe) coordination number NK and unknown magnetic moment per Fe atom M, to make their contribution to the high r part of the peak. Let us call these clusters the K-component. In the present. work a Gaussian distribution (curve 2) was chosen so that it described the ascendant part of the DF 1st peak, then it was substracted from curve 1. The obtained difference (curve 3) was analogously presented as a Gaussian distribution (curve 4). The DF 1st peak area is known to be equal to the average coordination number of the chosen atom.
Let us introduce the notations indispensable to calculation. Let X be the K-component content in the alloy, YI and Y 2 the respective contents of antiferromagnetic and ferromagnetic clusters with N = 12, Z the content of ferromagnetic clusters with N = 8.
It is well known that a Fe atom has a magnetic moment of 2.2 p~ in the a-phase, 2.8 p~ in the FM y-phase [7, pp. 74-75] , approximately 2.2 p~ in Fesz.sB17.5 [I] . In different FM iron alloys, Fe atoms have a moment between 1.4 and 2.8 p~ [ll] . Having presented the DF 1st peak like the sum of two Gaussian distributions as described above, we obtained an area corresponding to the a-type and y-type clusters contribution equal to 8.8 (Fe atoms around the iron atom), and an area of 2.1 corresponding to the K-component; Two equations can be deduced, then:
The third equation is evident:
The fourth equation shows that every type of cluster is attributed its own average magnetic moment value; we suppose this value to be the one observed in a crystalline phase of iron where the coordination number is equal to N in this type of cluster. The possible physically real situations in our alloy limit themselves to these two variants. The presence of an AFM component can be therefore considered as substantiated. The avaliable data do not permit us to draw more exact conclusions on the studied alloy magnetic structure. But within the proposed model it is possible to conclude, that the coexistence of FM and AFM components is valid in amorphous Fe-B. It can be supposed on this basis that the Invar effect in the amorphous Fe-B alloy appears as a consequence of the exchange interaction between the! FM and AFM components, according to the same mechanisms that was proposed for Fe-Ni Invars [4] .
